This is a multicenter prospective clinical study using a modified Knee Society scoring system which evaluated the effect of age, gender, weight, preoperative range of motion and knee score, previous surgery, and modification of the posterior femoral condyle geometry on postoperative range of motion. The primary outcome variable was change in flexion. The data were collected from 5 surgeons using a single total knee system. The current study has 621 patients enrolled, of which 282 total knee replacements have followup of 12 months and 86 have followup of 24 months. Multivariate analysis was used to evaluate the data. The variables listed were examined as to their relationship to changes in flexion. Patients were divided into 3 groups: preoperative flexion less than 90", 91" to 105", and greater than 105". When comparing the patients with preoperative motion less than 90' to those with motion greater than 105', the first group improved 26' more than the latter. They also improved 12' more than the midrange group. The midrange group improved 14' more than the upper range group. These values are all adjusted to eliminate differences due to the other vari-ables. None of the other variables showed a significant correlation with the flexion outcome. To analyze the knee score, the group was also divided into 3 groups: preoperative score less than 27,28 to 40, and greater than 40. The preoperative knee score was the best predictor of the postoperative knee score. The patients with preoperative knee scores below 27 improved 16 points more than those in the 27 to 40 range and 33 points greater than the greater than 40 group. To analyze functional evaluation, the patients were divided into 3 groups based on preoperative score: less than 40,41 to 50, and greater than 50. Those in the less than 40 group improved 14 points more than the midrange group and 35 points more than the greater than 50 group. Analysis of delta range of motion and delta pain showed similar results. Age, weight, previous open surgical procedure, and altered femoral component contour, did not seem significantly correlated with changes in postoperative flexion. The best predictors of postoperative clinical results are the preoperative scores.
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The goal of total knee replacement surgery is to provide the best possible outcome for the patient. There are many factors that influence the outcome of total knee replacement surgery. There are also many measures of outcome. Range of motion (ROM) has been an important measure of outcome and is an important part of most knee scoring systems. The factors that one has some control over include surgical technique and implant design. Those that cannot be controlled include the patient's condition at the time of surgery, such as age, weight, gender, height, history of previous surgery, multiple joint arthritis, preoperative knee score including preoperative motion, and complications. Previous studies have examined the factors that influence postoperative ROM in the clinical setting.'J+6, 8.9 The determinants are multifactorial, but past studies have shown that diagnosis and preoperative ROM are the most important determinants of postoperative ROM. These studies also show a tendency for all patients to migrate to a middle zone, so that those with high preoperative motion tend to lose motion and those with low preoperative motion tend to gain motion. Most clinical studies have a final ROM that averages between 100" and 110" flexion. This is adequate for most activities of daily living such as stair climbing and routine hygiene. Most studies examining ROM have shown that no significant improvement occurs in ROM beyond the first year.*.'
This paper is a preliminary report of a larger prospective multicenter clinical study designed to examine the clinical outcomes of total knee replacement and the effect of various variables on the clinical outcome. The focus of this report is to determine the best predictors of postoperative outcomes and especially ROM. The number of possible variables is long. This report focuses on the presence of multijoint arthritis, preoperative knee score (Knee Society knee score) and various components of the knee score (pain score, functional evaluation, flexion, ROM and complications). In addition, a design modification was evaluated. Laboratory tests have determined that decreasing the dimensions of the posterior femoral condyles had a significant and beneficial effect on knee flexion. (nonpublished data, Nagamine R, Whiteside LA, White SE, McCarthy DS: Femoral component design modifications to increase flexion after total knee arthroplasty. Missouri Bone and Joint Clinic, St Louis, MO). Although this was significant in the laboratory, the present study was able to look for statistically significant differences in vivo rather than in vitro. Although other factors were measured in this study (implant alignment, use of cement or porous coating, choice of patellar component, lateral release) these factors are not addressed in this report.
MATERIALS AND METHODS
Five surgeons in 5 centers have performed 621 consecutive primary total knee replacements. This study includes all patients with complete followup data at 12 months who were treated with standard surgical technique. At this time, there are 282 knees in 257 patients with 12-month followup and 86 knees with 24-month followup data. All patients were treated with the Advantim total knee system (Wright Medical Technology Inc, Arlington, TN) using standard surgical technique. The study includes cemented, cementless, and hybrid knees grouped together. There were 146 left and 136 right knees. Sixty-seven percent of the patients 67% were male and 33% were female. The average age was 68.9 f 9.7 years. Average height was 65.3 f 4.1 inches with average weight 187.5 ~t 38.3 pounds and body mass index 30.87 f 5.9. Forty-six knees had undergone previous surgery, whereas 7 had multiple arthritis or infirmity. Fifty patients had femoral components with a previous design that had slightly larger posterior femoral condyles and the other 232 had components with a slightly smaller posterior condyle.
All patients were evaluated preoperatively, and at 1 1/2, 3, 6, 12, 24, and 36 months postoperatively with radiographic and clinical evaluation using the Knee Society knee score. The outcomes that were evaluated in this study included knee score (Knee Society), and various components of the knee score including functional evaluation score, ROM, flexion, and pain. In addition, the change from preoperative values to followup values were evaluated and are referred to as delta knee score, delta functional evaluation score, delta ROM, delta flexion, and delta pain. Each of these categories were divided into 3 clinically determined ranges for the purpose of comparison. Thus, to evaluate the effect of preoperative knee score, the patients were divided into 3 groups: those with preoperative knee scores below 27, those between 28 and 40, and those greater than Number 331 October, 1996
Range of Motion in Total Knee Replacement 89 40. The same was done for functional evaluation score (< 40, 41-50, and > 50), ROM (< 90°, 91"-105", > IOS"), flexion (< 90", 91"-10S0, >105"), and pain (< 10, 10-20, > 20).
Multiple regression analysis was used to analyze data. This enabled the estimation of effects of each variable while simultaneously controlling for all the other variables in the model. The site factor was also included to adjust for site to site differences in patient population. Models were developed for 2 types of outcomes: change from baseline (delta values) and absolute value at followup. Every model included the baseline value in the 3 categories described above; multiple arthritis, osteotomy, gender, age, body mass index, component type, and site.
RESULTS
Flexion
Average flexion at 24 months was 107" k 10". There were no consistently significant differences between groups when looking at the absolute value of flexion. All the patients tended to migrate to a middle range. Those with low preoperative motion increased their flexion, those with midrange motion stayed in the same range, and those with high preoperative motion lost motion. Thus, when looking at absolute flexion, there were no significant differences between groups. However, when looking at delta flexion, the differences became significant ( Table 1) . The model indicated significant and consistent differences among the 3 flexion groups; those with preoperative flexion less than 90", those from 91" to 105", and those greater than 105" at 12 and at 24 months (p = .0001). When comparing the patients with preopera-tive motion less than 90" to those with greater than 105", the first group improved 26" (p = .OOOl) more than the latter. They also improved 12" (p = .OOOl) more than the midrange group. The midrange group improved 14" more than the upper range group. These values are all adjusted to eliminate differences due to the other variables. None of the other variables showed a significant correlation with the flexion outcome. The R square value for this model was .54, which means that 54% of the outcome is predictable by the model.
Knee Score
Like flexion, the absolute value of the knee score did not show any differences among the variables, but the delta knee score did show statistically significant differences ( Table 2) . This group was also divided into 3 groups; preoperative score less than 27,28 to 40, and greater than 40.2 The preoperative knee score was the best predictor of the postoperative knee score. The patients with preoperative knee scores below 27 improved 16 points (p = .OOOl) more than those in the 28 to 40 range and 33 points (p = .0001) greater than those in the greater than 40 group. In addition, the history of osteotomy or patellectomy also correlated significantly with the delta knee score outcome at 24 months. The other variables in the model did not show statistically significant differences.
Functional Evaluation
Functional evaluation scores are reported in Table 3 . Like the other scores, these tended to migrate to a central zone and the delta scores Average 107" * 10" -5" * 14' -7" * 15.1" < 90" versus 91'-105"
12"(p = 0.0001) 2 l o ( p = 0.0003) 91 "-1 05" versus > 105" 16" (p = 0.0001) 90" versus > 105" 37" (p = 0.0001) 14"(p = 0.0001) 26O ( p = 0.0001) Osteotomyl -15 (p = 0.0074) patellectomy 16 (p = 0.0001) 18 (p = 0.0001) 15 (p = 0.0001) 19 (p = 0.0001) 33 (p = 0.0001) 34 (p = 0.0001)
were more reliable predictors of outcome than the raw scores. Again, the best predictors of postoperative outcome was the preoperative score. These patients were divided into 3 groups based on their preoperative score: less than 40,4 1 to 50, and greater than 50. Those in the less than 40 group improved 14 points (p = .0001) more than the midrange group and 35 points (p = .OOOl) more than the greater than 50 group. Gender did have a statistically significant (p = .0018) difference at 12 months for the absolute score, but this was not consistent and was only a trend at 24 months. The delta scores showed the same trend but no significant differences.
Range of Motion
Average ROM at 12 months was 107" and at 24 months it was 106" (Table 4 ). This value was calculated by subtracting extension from flexion values. The delta values were more TABLE 3. Functional Evaluation consistent in showing a statistically significant difference, and the best predictor of postoperative results was the preoperative score. The group was divided into 3 subgroups based on the preoperative ROM: less than go", 91" to 105", and greater than 105". Those in the less than 90" group improved 18" (p = .0001) more than the midrange group and 32" (p = .0001) more than the greater than 105" group. The absolute score at 12 months showed statistically significant differences related to body mass index with each point increase in body mass index relating to a .5" lower ROM (p = .0001). This difference was not significant at 24 months nor were the delta values significantly different. Those patients with multiple infirmities had 11 " higher ROM at 12 months than the rest of the group after correction for the other factors. This difference, too, was not consistent and was not evident at 24 months. 14 (p = 0.0001) 21 (p = 0.0001) 35 (p = 0.0001) 24 i 26 17 (p = 0.0031) 25 (p = 0.0078) 42 (p = 0.0001) Number Average 107" i 11" 106" i 10" 1" i 17" -3" i 17" < 90" versus 91"-105" 19" (p = 0.0001) 91"-105" versus >105" -4" (p = 0,0199) 14" (p = 0.0001) 16" (p = 0.0001) < 90" versus >105" -5" (p = 0.0056) 35" (p = 0.0001)
Multiarthritis 11.43' (p = 0.0281)
18" (p = 0.0001) 32" (p = 0.0001)
Body mass index -.49" (p = 0.0001)
Pain
Average postoperative adjusted pain scores were 44 at 12 months and 44 at 24 months.
The absolute values showed no statistically significant differences between groups. Delta scores did show differences as presented in Table 5 . The group was divided into 3 subgroups based on the preoperative scores: less than 10, 11 to 20, and greater than 20. Those with the worst preoperative scores improved 10.9 points more than the midrange group (p = .0001), and 20.1 points more than the highest group (p = .0001).
DISCUSSION
It seems clear in this study, that the postoperative results all tend to be within a predictable range and that this is a single range to which all the preoperative values migrate. There are very few differences among groups, indicating that the clinical results are similar for all the groups. It is remarkable that all the groups end up with similar results
TABLE 5. Pain Score
considering the varied preoperative scores. This is most striking when looking at the delta scores. It is clear that those patients with high ROM preoperatively will lose motion, whereas those with poor preoperative motion will gain motion, and those in the midrange stay in the midrange. The statistical model was able to predict 50% to 60% of the preoperative change by simply looking at the preoperative scores. Also of note is the design feature that was examined (the modification of the posterior femoral condyle contour). Although this modification showed significant differences in ROM in the laboratory, no changes could be shown clinically.
This may indicate that although this modification may help improve ROM in vitro, there are many other factors in vivo that influence ROM that the contribution of this modification becomes relatively small. Overall, the results of the total knee replacement system used in this study are clinically acceptable and compare favorably with that of other total knee replacement systems. < 10 versus 11-20 11-20 versus > 20 < 10 versus > 20 11 (p = 0.0001) 20 (p = 0.0001) 9 (p = 0.0039) 16 (p = 0.0002) 9 (p = 0.0001) 
